Loma Linda University

TheScholarsRepository@LLU: Digital Archive of Research,
Scholarship & Creative Works
Loma Linda University Electronic Theses, Dissertations & Projects
6-1981

The Mutagenicity of Nutmeg, Mace and Black Pepper and some
Oil Constituents
Vernon Lee Crain Jr.

Follow this and additional works at: https://scholarsrepository.llu.edu/etd
Part of the Dietetics and Clinical Nutrition Commons

Recommended Citation
Crain, Vernon Lee Jr., "The Mutagenicity of Nutmeg, Mace and Black Pepper and some Oil Constituents"
(1981). Loma Linda University Electronic Theses, Dissertations & Projects. 717.
https://scholarsrepository.llu.edu/etd/717

This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu.

ABSTRACT
THE MUTAGENICITY OF NUTMEG, MACE AND BLACK PEPPER
by Vernon Lee Crain Jr.
Three spices, nutmeg, mace and black pepper, and selected oil
constituents, safrole, eugenol and myristicin, were tested for mutagenicity using the Aines test.
Safrole, an oil constituent, is a weak hepatic carcinogen in the
rat and mouse.
compound.

Safrole metabolites are more mutagenic than the parent

Myristicin and eugenol are structurally related to safrole

and break down into similar metabolites as safrole.
present in nutmeg, mace and black pepper.

All three are

These three spices were

tested for mutagenicity in the Salmonella/microsomal mutagenicity test
using strains TA1535, TA1537, TA1538, TA98 and TAlOO with and without
metabolic activation.

Safrole, eugenol and myristicinwere tested

with metabolic activation.
TA1535 and TA1538.

Safrole was shown to be a weak mutagen to

Mace and black pepper were shown to be weak muta-

gens to TA1537 with and without metabolic activation.
no mutagenic activity in any strain.

Nutmeg exhibited

It is hypothesized that the muta-

genicity of the spices was not due to safrole alone but that other
unidentified oil constituents may have contributed to the mutagenicity
in this test.
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INTRODUCTION
Physical and chemical agents in the environment, both natural and
man-made, are a major cause of cancer (1-4).

The prevailing concept,

first proposed by Miller and Miller (5) states that an electrophillic
reactant, the agent or one of its metabolites, is responsible for
carcinogenesis.

These agents alkylate DNA to cause somatic mutation

or damage DNA coding sequences in various ways.

It is estimated that

more than 50,000 different man-made chemicals are in use and between

500 to l,000 new chemicals are put on the market every year (6).

In

addition, natural agents in food and condiments are also present in
the environment (7).

Exposure to these agents can initiate a complex

cellular process which can lead to transformation of normal cells to
cancerous cells (1).

The purpose of this study was to test three

spices, nutmeg, mace and black pepper along with three of their oil
constituents,

safrole, myristicin and eugenol for mutagenic activity.

Most spices are devoid of physiological effects in the amounts normally
consumed.

Because there have been exceptions to this rule, the ration-

ale for testing for the possibilities of mutagenicity in these substances is provided (8).
Identification of carcinogens has largely been done using the
animal bioassay, usually with rats or mice.

This key method has several

drawbacks when trying to test large numbers of substances.

Animal tests

have proven to be too expensive, take too long, and give too much data
to analyze for the large number of chemicals needing to be tested.
Because mutagenic potency range is so wide, large numbers of animals
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would be needed and would further increase the money and time required
for the multitude of chemicals and food complexes needing testing.
Various short term tests (8, 9) including the Escherchia coli test, the
cell transformation test, and Rabin's test have been devised for
testing chemicals and other agents for their ability to interact with
DNA.

The most important and most used test is the Salmonella/Micro-

some Mutagenicity Test (The Ames Test) (10).

Ames chose mutagenicity

as the basis to develop a test for potential carcinogens.

This test

is the standard short term test and the most widely used in government,
industry, and academic laboratories.
The Ames Test
The organisms used for the Ames test are mutants of an enteric
bacterium, Salmonella typhimurium.

They bear a mutation (his) that

inhibits the manufacture of one enzyme needed for the synthesis of histidine, an amino acid necessary for protein formation.

Because of

this mutation, their growth in a mineral media can only occur when an
external source of histidine is supplied or if an agent can enter the
cell, rearrange the DNA to a functional coding sequence for the missing
enzyme and restore the internal source of histidine.

This is called

reversion and would be manifest as small colonies on a medium lacking
histidine.

There are other mutations that cause the loss of the

excision repair system and loss of the lipopolysaccharide barrier that
coats the surface of the bacteria.

In addition, two of the mutants

have had a resistance transfer factor (R factor) incorporated into them
to increase sensitivity and detect carcinogens that had not been
detected previously or detected only weakly (10).
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Ames' major contribution to the Salmonella test was the incorporation of mammalian liver tissue to simulate mammalian metabolic processes.
Because one of the metabolites of a chemical can be the active form
and not the original, the addition of a liver system simulates the
in vivo metabolism of the chemical to the electrophillic metabolite
that would react with the DNA (1).
The spot test is the simplest way to screen compounds.
a preliminary indication of the

tox~city

It affords

of the chemical, the need

for liver activation, and what strain of Salmonella typhimurium is
the most useful.
limitations.

It

It is a qualitative test and while useful does have
is less sensitive than the plate assay.

One advan-

tage is that it can be used to test samples that are not sterile.
The plate assay is the most widely used method of detection of
mutagens.

It is a sensitive and versatile test and is able to detect

90 percent of reputed carcinogens as mutagens (11).

The Ames test

has been validated independently by other researchers and it is con:....
sidered the major test for screening of suspect compounds (12-14).

REVIEW OF LITERATURE
Cancer and Food
Besides iatrogenic and occupational hazards and industrial pollution, other agents are known or suspected to cause cancer.

Not the

least of these are food borne hazards which include nitrosamines, aflatoxins, pyrolysis products, bracken fern, cycad meal, and other constituents of soil and plants (15-22).
While extensive research on carcinogens has been done utilizing
animal studies fewer investigations have been done with the Ames test.
Those chemical compounds tested by Ames have resulted in notable
contributions to mutagenesis research.
One major contribution came from Yahagi et al (23).

When

employing the Ames test (TA.1535, TA.1536, TA.1537, TA.1538) and an
Escherichia coli microbial test he found that 2-2(2-furyl)-3-(5-nitro2-furyl)acrylamide (AF-3), a widely used food additive in Japan, was
mutagenic to the E. coli but not to the Salmonella test.
With the development of a more sensitive strain (TAlOO) by Ames
and his co-workers, Yahagi et al. (23) found that all the mutagenic
nitrofuran derivatives, including the food additive mutagenic to E.
coli, were mutagenic to strain TAlOO in the Ames test.

With this

information the Japanese government conducted further animal studies
and found that AF-2 produced cancer in the forestomach of mice.

The

use of AF-2 as a food preservative was immediately banned (12).
The carcinogenicity of aflatoxins using animal studies is well
documented. (7, 15, 17, 18)

The mutagenicity of aflatoxins have also

been measured and documented by the Ames test.

4

Garner et al. (24)
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using a rat liver homogenate found that aflatoxin Bi was lethal to
strains TA1530 and TA1531.

The lethal effect required rat liver for

an enzymatic conversion of aflatoxin B1 to (a) highly toxic metabolite(s).
Mccann et al. (25) found that aflatoxin B1 was mutagenic in TA98,
TAlOO, and TA1538 without metabolic activation.

Little or no activity

was ascribed to other aflatoxins.

I

I

Wong and Hsieh, (26) using the Ames test, reported the mutagenic
activity of a series of aflatoxins and derivatives.
aflatoxicol were the most significant mutagens.

Aflatoxin B1 and

No derivatives of

aflatoxin B1 possessed activity in the absence of rat liver preparation.
All other aflatoxins were metabolites
of aflatoxin B1.
r-

It was

concluded that metabolites were not the ultimate carcinogens but that
aflatoxins acted directly to cause mutagenesis.
Wong et al. (27) conducted another study to screen fungal metabolites that had been identified as the intermediates in the aflatoxin
biosynthetic pathway.

Norsolorinic acid, averufin, and versiconal

acetate possessed questionable mutagenic activity in Salmonella
typhimurium TA98, whereas versicolorin A and sterigmatocystin were
significant mutagens relative to aflatoxin B1 .
Research on the mutagenicity of pyrolytic products has been
conducted and protein pyrolytic products are indicated to be the
most important in terms of potency.

Sugimura et al. (28) reported the

presence of fairly high mutagenic potentials in smoke and charred
flesh of broiled fish.
mutagenic activity.

Charred beef steak was also fairly high in

This activity was high enough that Sugimura and

co-workers felt it could not be attributed only to benzo(a)pyrene,

-------

--------------------------
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one byproduct of pyrolysis and a known carcinogen.

Fresh whole fish and

beef were broiled on a steel net over an open flame.

Smoke was

collected on a filter and extracted with DMSO (dimethyl sulfoxide).
The smoke and charred flesh were analyzed by the plate assay using
TA98, and found to be mutagenic after metabolic activation.

The beef

smoke condensate and charred beef was more mutagenic without activation
by liver extract.
Matsumoto et al. (29) tested the effect of pyrolysis on amino acids
to determine the mutagenic principle in protein foods.

Pyrolyzates

of 25 amino acids and 5 indole derivatives were tested using TA98.
They a-11 required a liver microsomal fraction.
the highest mutagenic activity.

L-tryptophan exhibited

Yoshida et al. (30), working with

soybean globulin, did not identify L-tryptophan as the mutagenic
principle but through pyrolysis, chromatography, and thin-layer chromatography, found that animo-'(-carbolines were potent mutagens to TA98
and TAlOO.

In another study, Yoshida et al. (31) found that increasing

the temperature of pyrolization increased the mutagenesis of albumin
to Salmonella typhimurium TA98.
Mutagenicity of intermediates produced in the browning reactions
of glucose and amino acids has been demonstrated.

These intermediates

are found in the browning reactions that occur during processing,
storage, and cooking of foods.

To confirm this mutagenesis theory,

Shenohara et al. (32) tested a mixture of glucose and lysine in
Salmonella typhimurium TAlOO without liver extract.
heated in aqueous solution at 100° for 10 hours.
the browning mixture was mutagenic.

The mixture was

Results showed that

The nature and amounts of muta-

gens produced in the browning reactions remain unknown.

7

Work on nitrates and their involvement in the formation of cancer
has received considerable attention with animal studies (33-34).
Their mutagenicities have also been studied in Salmonella typhimurium.
Marquardt et al. (35) treated Japanese raw fish with nitrate in the
laboratory.

The treated fish were then extracted by a mild procedure.

Test results indicated a direct acting, highly mutagenic potential.
Addition of S-9 liver system did not increase mutagenicity.
from treated beef and hot dogs were non-mutagenic.

Extracts

Addition of

ascorbate prevented mutagenic activity in the treated fish.
Rao et al. (36) tested N-nitroso-peperidine and various substituted
nitropeperidines for mutagenesis in Salmonella typhimurium.

He

reported that most needed metabolic activation and that the carbon
atoms alpha to the N-nitroso group seemed to be the active constituent.
Lee et al. (37) tested various N-nitrosamides and related compounds
using Salmonella typhimurium TA1535.
were mutagenic.

Twenty of the twenty-two compounds

Fifteen of the test compounds had been tested with

rats with positive results.

Fourteen of the fifteen were mutagenic

to the Ames test.
Nagao et al. (34) tested N-butyl-N-(4-hydroxybutyl)nitrosamine
(BBN), a known carcinogen of the bladder, and related compounds in
Salmonella typhimurium TA1535 and TAlOO with S-9 liver extract.
was mutagenic to both strains with the S-9 mix.

BBN

Other related

compounds tested showed mutagenesis to TA1535 with and without S-9
liver preparation.

Four of the nine noncarcinogens were found to be

mutagenic and were predicted to be, in fact, carcinogenic.

Yahagi

et al. (38) tested mutagenic activities of 11 nitrosamines in Salmon-
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-ella typhimurium TAlOO and TA98.

All carcinogenic materials were

mutagenic to TAlOO with the S-9 liver preparation.
gen was not mutagenic.

The lone noncarcino-

There was no response with TA98.

Prival et al. (39), using the Ames test with rat liver homogenate,
found that dimethylnitrosamine (DMN), a dialkyl nitrosamine, was
mutagenic and furthermore, was increasingly mutagenic if the rat liver
added to the plate was increased above the usual maximum of 50 ul/
plate.

Hotchiss et al. (40) looked at mutagenic activities of nitro-

samines formed from the nitrosation of spermidine.

Five derivatives

were investigated with and without the S-9 liver system.

All were

mutagenic without the S-9 system.
Italian investigators conducted research on beef extracts and the
possibilities of mutagenic activity.

DoLara et al. (41) reported that

there was mutagenicity in beef extracts.
with Salmonella typhimurium TA1538.

The extracts were tested

Results indicated that there was

mutagenic activity in the extracts in the presence of S-9.
While most spices are devoid of physiological effects some have
proved to contain toxic and mutagenic elements requiring investigation.

Tables 1 and 2 list known volatile oil constituents of pepper,

nutmeg and mace with indication of some of carcinogenic or suspect
elements that are present in these spices.
enedioxybenzene), Figure 1

Safrole (4-ally-1,2-methyl-

is the principle component of oil of

sassafras, star anise seed, micranthum oil, camphor oil and also
occurs in oil of mace, nutmeg, Japanese wild ginger, pepper and cinnamon leaf oil in minor amounts

(8, 42).

-

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table l·

A Summary of the Constituents of Nutmeg and Mace and '.their
Carcinogeni_city/Mutagenicity as Reported in the Literature

Compound

Care.

Monoterpenes
d-Camphene
Cymene.
p--Cymene
Limonene
o1...,-Pinene
~ -Pinene
Sabinine
r -Terpinine

+
+
+

Oxygenated Compounds
Bornoel
Geraniol
d-linalool
l-Terpinen-4-ol
dl-o(-Terpineol
Methylenedioxybenzene Compounds.
Eugenol
Isoeugenol
cis-Isomyristicin
trans-Isomyristicin
Myristicin
Myristic Acid
Safrole
Other Compounds
Dipentene
Elemicin

---------

Mut.

- - -

i

Reference

42,60
60
42,6El
60
60
60
60
60
42,60
42,60
42,60
42,60
42,60

+

+
+
+
+
+
+

42,60
42,60
60
60
42,60
42,60
42,60
42,60
60

-
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Table 2.

A Summary of the Constituents of Pepper and their
Carcinogenicity/Mutagenicity as Reported in the Literature

Compound

Estimated level
% of spiceb

Care.

Mut.

Reference

% of oila

MonoteE:Eenes
Camphene
car-3-ene
Limonene
Mycrene
1-•-Phellaodrene
A.-Phellaodrene
,-Phellaodrene
oe-Pinene
#•Pinene
Sabinene
Terpinine
.I. -Terpenene
Thujene

0.1
12-15
13-25
3-6.5
7
2-3.6
3.4
9-26
14-23
20-25
5.9
0;3
2.9

02S!'.8enated MonoteEEenes
Carvone
Carveol
Crypt one
p-Cytnene-8-ol
Linalool
Nerolidol
l-Terpinen-4-ol
"'-Terpineol
'-Terpineol
Sesauite!Eenes
-Bisabolene
d'-Cadinene
Calamene
/' -Caryophyllene
Copaene
.. -Elemene
6'-Elemene
-.-Humulene
.. -Santalane
;. -Selirtene
,.-Selinene

+
+

+
+

+
+

+c

59,67
59,67
59,67
59,67
59 ,67
59,67
59,67
59,67
49,59,67
59,65,66
59,65,66
59 ,65 ,66
58,59,62,65,66
59,65,66
59,65,66
59,65,66
61,65,66
65,66
59 ,65 ,66
59,65,66

~

13. 3

1'J.lyl aod Pro2enyl Benzene Derivatives
Chavi cine
0.8
ar-Curumene
Methyl Eugenol
Myristicine
Piperadine
0.1
Piperanine
Peperettine
Piperine
6-11
Piperidine
.4
Safrole
.01

59,63
63,64
57,59,61-64
59,63,64
58,59,61
63,64
59,63,64
57-59,61-64
57-59,61-64
59,63,64
63,64
63,64
59,63,64

+
+
+

+

Other Co!!!Eounds
Methyl Pyrroline
Phenylacetic Acid
a percent of volatile oil obtained through steam distillation
b percent of whole ground spice
c ether extracts of urine of rats fed compound~49)

+

51,52,59
59
59,67
51,52,59,67
59,61
69
51,52
51,52,59,69
62
51,52,57,59,67
58

59
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FIGURE 1

Figure 1.

Safrole and related compounds found in nutmeg, mace, and
black pepper.

Interest was sparked in the early sixties because safrole caused
hepatic adenomas in rats.

Hamburger et al. (43) conducted two rat

studies using male and female CFN Carworth Farm rats kept on a riboflavin-deficient diet.

He used fourteen rats of each gender for the

experiment and used ten rats on identical diets without the safrole.
The experimental animals were given 1% safrole mixed in their diet.
Safrole-f ed rats were killed between 3 1/2 and 13 months when they
appeared to be moribund.

Controls were killed at comparable times.

In

both male and female rats hepatic damage and nodular regeneration was
produced in a much shorter time than by the deficient diet only.
Males exhibited more marked fibrosis than females.
Long et al. (44) reported carcinoma in a study conducted with five
groups of Osborne-Mendel rats.

Each group contained 50 rats divided

12
evenly by sex and received 5,000, 1,000, 500, 100, 0 parts per million,
respectively of safrole in their diet for two years starting at the age
of three weeks.

All were maintained on Purina rat chow.

all survivors were killed by exanguination.
was the liver.

At two years

The organ most affected

Changes consisted of benign and malignant tumors.

5, 000 ppm hepatic tumorigenesis was significantly increased (P
At 1,000 ppm there were eight hepatic tumors, all benign.

At

<0. 001).

Long

concluded that safrole is a low grade hepatic carcinogen for the rat.
Epstein et al. (45) used the dominate lethal assay in which he gave
male rodents single doses of subtoxic concentrations of safrole and
then mated them to groups of untreated virgin females.

The females

were dissected on day 12 or 13 of pregnancy and scored for corpus lutea
and for total implants, compromising early and late fetal deaths and
living fetuses.

Two doses were tested.

consisting of ten males.

Each group had control groups

The lower dose group contained seven males

and the higher dose group nine males.

Each was treated and injected

or gavaged with the compound being tested and then caged with three
virgin females.

The females were replaced weekly for eight weeks.

All females were sacrificed at 13 days after their admittance to the
males.
earlier.

They were scored for pregnancy and other parameters mentioned
Epstein concluded from the data that safrole was not muta-

genic by the dominate lethal assay.
Borchet et al. (46) undertook a study to test experimentally
their prediction that safrole needed metabolic activation to become
an ultimate carcinogen.

They based their prediction on the generaliza-

tion that ultimate carcinogens of most all carcinogens are strong

13
electrophillic reactants.

The structure of safrole was judged to have

little i f any.electrophillic nead.tivity.
ducts of 8 male rats.

Borchet ligated the bile

Safrole was injected into each rat and twenty-

four hours after ligation the urine was then collected for 30 hours in
tubes and cooled by dry ice.

The presence of l'-hydroxysafrole was

confirmed by the use of silica· gel thick-layer plate methods.

In

another aspect of this. experiment, Borchet (46) used rats (CD random
bred), mice (CDl), golden Syrian hamsters, and random-bred guinea
pigs fed on a grain diet, and injected safrole or one of its derivatives.

Urine collected from the rodents ligated bile ducts yielded

l'-hydroxysafrole.
In research inunedia tely following, Borchet et al. ( 47) tested
l'-hydroxysafrole on rats (CD, random bred) and mice (CDl).

Mice were

kept in groups of five and the rats in pairs or singly and fed Wayne
Breeder Blox pellets.

The animals were fed l'-hydroxysafrole eight

to ten months as 0.5% of their diets, after which they were fed the
diet without the safrole derivative.

The livers were examined by

laparotomy at eight, 10 and 12 months.

l'-Hydroxysafrole induced a

high incidence of:hepatocellular carcimonas in male rats; safrole
induced only a low incidence of carcimona and L'-acetoxysafrole did not
produce any tumors.

Mice eXhibited high levels of liver tumors after

being fed l'-hydroxy'"" and l'-acetosafrole.

Borchet concluded that

l'-hydroxysafrole is a proximate carcinogenic.metabolite of safrole.
Few research investigations have been accomplished in the area of
spices using the Ames test although it is an ideal vehicle in which to
elucidate 1;he complex compounds present.
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Mccann (26), a co-worker of Ames, found that safrole is mutagenic
without microsomal activation in the five strains of Salmonella
typhimurium listed in the methods section of the paper.

This study,

while it indicated mutagenicity, showed that microsomal or metabolic
activation is not necessary in contrast to another study that
indicated that it is necessary.

Green and Savage (48) used a panel

of tests including the direct bacterial assay which does not use
liver extract, the microsomal mutagenesis assay, and a host-mediated
assay.

In the direct bacterial assay using strains TA1530, TA1532,

and TA1964, safrole, eugenol, the secondary amines and the ninhydrin
positive metabolites of safrole and eugenol gave negative results.

In

the microsomal mutagenesis assay using the same strains, safrole and
safrole metabolite II were mutagenic to strains TA1530 and 1532.
This host mediated assay used male mice (C3H/HeJ) 10-14 weeks old
which were injected intraperitoneally with 2 mls of bacteria broth
of the tester strains.

In addition, each mouse received a 0.1 ml

intramuscular injection of the test compound.
peritoneium was plated and revertants counted.

Fluid drawn from the
These results demon-

strated that metabolic activation was needed to cause mutagenesis.
Other spices and components of spices have been tested with the
Ames test.
spices.

Rockwell and Raw (49) tested a large number of herbs and

They examined a variety of plant components including essential

oils by extracting them with a chloroform-methanol extract.

See Table B.

Each sample was refluxed for 20 minutes at 40° in a Soxhet apparatus
with a chloroform-methanol mixture and then the residue was refluxed
with distilled water for 15 minutes at 100°.

The first extract was

15
Table 3

Chloroform-Methanol Extracts of Herbs and Spices "rested

Achiote
Allspice
Basil
Bay laurel leaves
Carraway seeds
Celery seeds
Chervil
Chive
Cinnamon
Cloves
Cumin

Dill seeds
Dill weed
Fenugreek
Mace
Marjoram
Mustard
Nutmeg
Onion powder
Oregano
Paprika
Pepper, black

Pepper, white
Rosemary
Saffron
Sage
Savory
Sesame seeds
Star anise
Tarragon
Thyme
Tumeric

dried and dissolved in 5 mls of Dimethyl sulfoxide (DMSO) .
tested on Salmonella typhimurium TA98 and TAlOO.
with metabolic activation.

All were

All tests were done

The results of this general screening did

not provide sufficient information to fully assess the mutagenic patential of herbs and spices due to growth inhibition of the bacterial
tester strains.

This was attributed to effects of toxic compounds

that were presumably contained within the complex mixtures.

They

observed a reduction of toxicity when compounds were subject to column
chromatography methods.
one of its 17 fractions.

Cumin exhibited a weak response to TAlOO by
Positive results for TAlOO came from

chlorofor:in"-methanol extracts. of rat urine when rats were fed B-terpeneol
and camphene, two food additives and from cumin, tarragon, and star
anise.
Raw

All required metabolic activation according to Rockwell and

(49).

Simmons (50) assayed safrole among other substances, using the
Ames test both with and without metabolic activation.

His study indi-

cated that safrole produced no mutagenic effects with or without S-9.
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Although safrole produced no mutagenic effects, l'-acetoxysafrole
was mutagenic.
In a study previously cited, Green and Savage (48) tested an oil
constituent called eugenol (See Figure 1).

Using the panel of tests

mentioned earlier they were unable to find any mutagenic response
related to eugenol or the metabolites of eugenol, such as peperidine,
pipecolic acid, praline and pyrrolidine.
In the study done by Rockwell and Raw (49), pepper was tested
and found to be not mutagenic.

However, in a study using Albino

Swiss mice (15 males, 15 females), Cancan et al. (51) did find carcinogenic activity.

The mice were treated with cutaneous applications

of 0.1 ml pepper extract in acetone, three times weekly for the first
month, twice weekly for the second month, and once each week for the
third.

They applied a total of 28 mg of the pepper extract to the

shaved interscapular region of each mouse.
treated with acetone only.
tap water.

A control group was

The animals were fed Purina rat chow and

Results indicated that all pepper-treated mice surviving

after 17 months developed tumors in the lung, liver and skin.
Myristicin.(See Figure 1) is an essential oil component found in
nutmeg, parsley, parsnip, carrots, bananas, and black pepper (42).
Because of its widespread presence, Oswald et al. (52) studied its
effects using rats and guinea pigs.

After injecting natural and

:synthetic myristicin intraperitoneally, urine specimens were collected
and analyzed.

The researchers concluded that, as with the case of

safrole, myristicin produces metabolites that are nitrogen-containing
tertiary amino substituted propiophenones.

Therefore, the potential
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for myristicin to be carcinogenic is present.

They found that

eugenol also metabolizes to the same type of nitrogen-containing
metabolites as does safrole.
Estragole, a flavoring component of the herbs tarragon, basil and
fennel and a major constituent of oils of tarragon and basil was
found to metabolize to electrophillic reactants.

Drinkwater (53) et

al. tested estragole, 1 1 -hydroxyestragole, or 1 1 -hydroxysafrole on
newborn mice.

Mice reacted by producing significant increases in the

incidences of heptocellular carcinomas for estragole and its l'-hydroxy
metabolite.

Metabolites were tested with the Ames test using TAlOO.

l'-Acetoxyallybenzene had little or no activity.

l'-Hydroxysafrole

and 1 1 -hydrosyestrogole were negative but l'-acetoxysafrole, 1 1 -acetoxyestragole, and l'-acetoxyl-ally-1-4-methoxynaphthaline were strongly
mutagenic for TAlOO.
Using the Ames test (TA98, TAlOO), Seino et al. (54) tested the
mutagenicity of the spice, sumac.
methanol and ground.

Sumac seeds were suspended in

After centrif:ugation the extract was purified

by column chromatography and subjected to the test.

Fractions having

mutagenic activity were pooled and evaporated to dryness and then
chromatographed again.

The mutagenic fraction was subjected to thin-

layer chromatography and identified as quercetin.
sample and of pure quercetin
TA98 and TAlOO.

e~hibited

The Rf value of the

the same mutagenic activity to

Quercetin is a common flavonoid and is present in

many edible plants and fruits.

MATERIALS AND METHODS

Compoun~s

NADP, glucosE!-6-phosphate, biotin, histidine-HCl, dimethyl sulfoxide
and 2-aminoanthracene were purchased from Sigma. Eugenol, safrole and
benzo(a)pyrene were obtained from Aldrich. Myristicin was obtained from
Saber Laboratories, ampicillin from Bristol Laboratories, S-9 liver
preparations from Litton Bionetics, Oxoid media ff2 from K. C. Biological
and Pharmaseal Latex Sterile Surgeon's gloves from Pharmseal Laboratories.
Petri plates, sensi discs and Bacto-Difco agar were from VWR Scientific.
The Salmonella typhimurium strains TA1535, TA1537, TA1538, TA98 and TAlOO
were kindly supplied by DR. B.N. Ames, University of California, Berkeley,
California.
Preparation of Test Compounds
Three ground spices, nutmeg, mace and black pepper, were obtained
from a connnercial outlet. Extracts were obtained by suspending 25 g of
each

s~ice

in 200 ml of methanol and mixing or homogenizing with a

Virtis "45" heavy duty homogenizer for 20 minutes at 20,000 rpm. The
methanol extracts were then centrifuged in a Sorval RC-5 Superspeed
Refrigerated Centrifuge at 6,000 rpm for 20 minutes at 20 0 . The supernatant
was collected for each extract, added to tared bottles, evaporated under
vacuumat 70°, and the weight of the extract determined. Methanol was
added to each extract to a concentration of 4 ug/ul. The extracts were
stored in the refrigerator in volumetric flasks covered with parafilm.
For optimal solubility the three oil consitiuents to be tested, safrole,
eugenol and myristicin, were prepared in the following manner. Safrole
18
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and eugenol were dissolved in methanol and myristicin was dissolved in
ethanol to a concentration of 4 ug/ul. These solutions were stored at
room tempature in volumetric flasks covered with parafilm.
Controls
1)

Positive controls were included in this experiment using diagnostic

mutagens to confirm the reversion properties of each strain. Besides
checking the tester strains periodically, 2-aminoanthracene was used as
a contrl mutagen for checking metabolic activation in all strians except
TAlOO. Benzo(a)pyrene was used as a direct acting mutagen for TAlOO. These
controls are a recent reconnnendation (55).
2)

Sterility control.

This control contained top agar and S-9 mix

only.
3)

Use of a known carcinogen alsa confirmed the reversion properties

of each tester strain by showing reversion rates.
4)

Spontaneous revertants were scored br running control plates with

bacteria and top agar only. Spontaneous revertants colonies on control
plates without mutagen and S-9 mix are about (at 48 hours): 20(TA1535),
7(TA1537), 25(TA1538), 160(TA100) and 40(TA98).
Safety Precautions
All equipment was sterile. Pipettes were plugged and anything containing Salmonella was autoclaved 'Defore disposal to prevent diarrhea and
food poisoning. All work was done with a breathing mask and disposable
rubber gloves. A well vetilated hood was used for preparation of materials
and the plate assay procedure. A 37° incubator was used for carcinogen/
mutagen testing and the incubator was in a well ventilated room.
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Experimental Design
Methods used were those of the Ames Test (10, see also Appendix 1).
The oil constituents

and the spice extracts of the spices were subject

to spot tests using the Salmonella typhimurium strains TA98, TAlOO,
TA1535, TA1537, and TA1538.

All tests were done in triplicate.

Each

of the three oil constituents and spice extracts were then tested with
the plate assay using the five mutant strains of Salmonella typhimurium.
All samples were then tested in triplicate at four dose levels of 25,
100, 200, and 400 ug of each substances or extract.

RESULTS

Table 4 gives preliminary results for spot tests.

The results

of the in vitro assays in agar are presented in Table 5.

The number

of histidine-independent revertants for each of the five Salmonella
typhimurium strains reflects activity after the subtraction of the
spontaneous background for the plate assay.

The range of spontaneous

revertants was 36-47 for TA98, 143-172 for TAlOO, 17-25 for TA1535,
4-11 for TA1537, and 20-30 for TA1538.

Each extract was assayed

with all five tester strains with and without the presence of the
microsomal fraction S-9 at a test range of 10-44 ug spice extract per
plate.

The pure oil constituents were tested only with S-9 in all

tester strains since it is known that metabolic action is needed to
transform these substances into electrophillic metabolites (5, 46, 47).
The use of the spot tests affords a simple, fast, qualitative
method for screening test samples.

It is used as a preliminary test

to indicate .the presence of toxic or mutagenic activities.

All compounds

were subj,ect to preliminary spot tests using approximately 5 ug of the
test compound.

Table 5 summarizes the results for spice extracts and

pure oil constituents with the microsomal fraction S-9.

The spices

were also tested without microsomal fraction S-9 to check for direct
mutagenic action.

A positive mutagenic response in the spot test was

interpreted as the presence of revertant bacteria appearing as a cloud
around the area where the chemical was applied.

Ames defined a posi-

tive result as a large increase in colonies above the number of spontaneous revertants well away from the spot (10).
Using this criteria with the microsomal fraction S-9, the three
21-
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Table 4 •

Mutagenic Effect of Spice Extracts and Pure Oil Constituents
in Salmonella typhimutium Strains in Spot Tests

Dose - 5 ug
(-) = 20 colonies in the spot test (10)
(+) = 100 colonies in the spot test (10)
(++) = 500 colonies in the spot test (10)
Each response represents the sunnnary of three trials at a 5 ug dose
level.
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Table 5.

Mutagenic Effects of Spice Extracts and Pure oil
Constituents in Salmonella typhimurium strains in
the Plate Assay
Revertants Per Plate

Substance

Addition
of S-9

lOug

Dose per Plate ug
lOOug
200ug

400ug

98

+

Nutmeg

Salmonella
typhimurium
Strain TA100

1535
1537
1538
98
100
1535
1537
1538

+

Mace

98
100
1535
1537
1538
98
100
1535
1537
1538

Black Pepper

+

98
100
1535
1537
1538
98
100
1535
1537
1538

+

Eugenol

98
100

1535
1537 1538

+

Safrole

Myristicin

+

98
100
1535
1537
1538

± 9.23

112 ::!:. 21.16

13 ::!:. 8 .32

2 ::!:. 4. 04

10 ± 10.04

96 ::!:. 4.04

128 + 4.04

240+7.76

72 ::!:. 11.15

248 ::!:. 13.85

293

± 12.22

20

64 + 14.50

57 ::!:. 28.47

10 ::!:. 3.20
178 ::!:. 6.40

39 ::!:. 8.08

173

5

..,

38 + 13.5

178 ::!:. 9.07

201 + 22.23

238

± 3.21
± 17.55

84 ::!:. 1.52

101

± 6.08

234 ::!:. 12.22

287

± 13.31

+ 6.42

I

4
1

58 ::!:. 4 ;5

5 + 4.5
5
2.08

±.

168 ± 7.37

10 + 2.0
13
2.88

±.

4

± 6.65
3

4

1

262 ± 134.94

13

± 2.08

48

± 3.20

12 ± 2.64

2

2

7 ::!:. L 52

13

6 ::!:. 1.52
13

± ~.o

21±1.52

98
100
1535
1537
1538

Values are the means and standard deviations of three assays for each dose level

(-) = no

282 ± 1

revertants, no mutagenic effects observed

171

± 3.60

37 ± 2.08
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spice extracts were not mutagenic to TA1535, TA1537, or TA1538.
genesis was observed with TA98 and TAlOO (Table 4).

Muta-

A mutagenic

response was observed with nutmeg toward TA98, and TAlOO exhibited
a response by pepper.
tester strains.

Mace showed a negative response in the five

Eugenol, a pure oil constituent, exhibited a response

in all five tester strains and safrole produced a response in TA98,
TAlOO, TA1537, and TA1538 but not in TA1535.

Myristicin showed a

negative response in all five tester strains and no toxicity was
observed upon examination of the background lawn.

In the spot tests

using no microsomal fraction S-9 and following the criteria set forth
by Ames, nutmeg was mutagenic to TAlOO and TA1537.
noted to TA98, TA1535, or TA1538.
TA1537 only.

No response was

Mace exhibited a response in

No other strains were affected.

Pepper was rnutagenic
'

to TAlOO, TA1535, and TA1538.
The plate assay is used to confirm any mutagenicity for those
chemicals possessing mutagenic activity in the spot tests.

Reproducible

dose response curves must be generated to interpret results as mutagenic.
In the plate assay (Table 5) nutmeg with microsomal fraction S-9 exhibited dos~-related activity in TA1537 (correlation coefficient 0.98)
and no response in TA98 or TAlOO.
produced

a

Pepper, up to a dose of 400 ug,

rnutagenic change in TA1537 (correlation coefficient 0.88)

but exhibited no response in any other strain.

Eugenol demonstrated a

dose response relationship and a correlation coefficient of 0.76 to
TA1535.

Safrole, the known carcinogen, exhibited correlation cneffi-

cients of 0.99 and 0.98 and dose respdnse curves for TA1535 and TA1538
respectively.

No response was observed on other strains.

Myristicin
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showed no mutagenic response to any of the five tester strains.

In the

plate assay without microsomal , fraction S-9 nutmeg did not show mutagenie response to any tester strain.

Mace showed mutagenic activity

and a correlation coefficient of 0.98 to TA1537.

Pepper gave a muta-

genie response and a coefficient of 0.88 in TA1537 also.

DISCUSSION
This investigation was conducted to assess the mutagenic potential
of nutmeg, mace and black pepper.

These three spices contain safrole,

a known weak hepatic carcinogen in rats (43, 44).

Metabolites of

safrole are excreted in the urine of rats as tertiary aminopropiophenones.

These are electrophillic compounds and as such as candidates

for carcinogenicity.

A proximate metabolite of safrole, l'acetoxysafrole,

has been found to be mutagenic in the rat and mouse (47).

l'acetoxy-

safrole was found to be mutagenic for TAlOO in the Ames test (53).
Eugenol and myristicin are also naturally occurring constituents of
nutmeg, mace, and black pepper with structures very similar to safrole.
Their metabolites as excreted in the urine of rats have been identified as tertiary aminopropiophenones and amino methoxy methylenedioxy
prophenones.
58).

Therefore, they could be potential carcinogens (41, 45,

The weak

~esponse

produced-by safrole in this test is in accord

with other research which indicates that safrole metabolites are more
active than the primary compound which may or may not be detected (56).
The use of a preincubation method suggested by Ames (10) would produce
a greater response as safrole would be metabolized to other·forms more
electrophillic.

This preincubation method might also be used on

myristicin and eugenol.

Spot tests for eugenol gave preliminary reports

of possible activity.

This activity could not be demonstrated in the

standard plate assay.

As in the case of safrole the intermediate and

tertiary metabolites of eugenol could be mutagenic.

The negative res-

ponse of eugenol in either test may also indicate the possibility that
preincubation might give more definitive results.
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Minor differences in

27

structure could also alter the response.

It appears that the three-

carbon side chain and the methylene-dioxy group on safrole causes mutagenesis; therefore, myristicin might be expected to behave similarly.
However, myristicin contains a methoxy side group which may block mutagenesis (51).

Results of, spot tests of the spice extracts and the

plate assays did not respond similarly.

Because of the complex nature

of the three spice extracts being tested it is possible that the
responses to the qualitative spot test indicates mutagenesis of one or
more substances and responses of the plate assays which is more sensitive and might respond to one but not another due to toxic or inhibitory effects.

Therefore, separation into constituents might reveal

that there could be mutagenesis present with nutmeg as indicated by
spot tests if tested in the plate assay in this manner.

This would serve

to explain a response of black pepper without S-9 in TAlOO in the spot
test but not in the plate assay.

Similarly, the plate assay is more

sensitive and might also detect substances not seen through the spot
test.

TA1537 responded to mace with and without S-9 in the plate assay

but not in the spot tests.

TA1537 responded to pepper with S-9 in the

plate assay but not in the spot tests.

Of the three spices, only

pepper in TA1537 without S-9 was shown to be mutagenic with the spot
test and plate incorporation assay.

Once again the preincubation method

combined with separation of the complex mixtures would be more definitive.

Many constituents of the three spices other than safrole,.eugenol,

and myristicin might conceivably cause some mutagenesis.

Nutmeg and

mace contain 5-15% of their total composition as volatile oil.
5-15%, .6% is safrole, 4% is myristicin and

2~~

Of the

is eugenol (see Table 1).
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Other constituents of the volatile oils are known or strongly suspected
of being carcinogenic.

Volatile oil of black pepper also contains

known or suspected carcinogenic components other than safrole, myristicin or eugenol (Table 2).

Various alkaloids in pepper which comprise

6-11% of the volatile oils are highly suspect as are flavonols which
are present in niutmeg and mace also (57).

Tannins are known to be

carcinogenic and they are known to be minor constituents of spices. This
might account for the presence of mutagenesis in one test and not
the other.
and mace.

Toxicity may also have affected the results with nutmeg
Nutmeg produced revertant colonies above the spontaneous

reversion in TA1537, with and without S-9 and in TAlOO without S-9.
Mace showed minor activity in TAlOO without S-9.
decrease in background lawn was noted.

In both cases a

Dose response curves could not

be generated and therefore toxicity may have masked the presence of
any mutagenesis.

A close examination of Table 5 showed that mace and

black pepper, while showing mutagenesis, do not exhibit it in the same
strains that are affected by safrole.

Safrole produced mutagens in

TA1535 and TA1538 while mace and black pepper produced mutagens in
TA1537.

The presence of other agents in the·extract might explain

this reaction.

Examination of the graphs in Appendix 2 shbws that all

substances were tested with a dose range of 10-40 ug.

In some cases

mutagenesis might have occurred below the 10 ug level.

This would

alter the graph presentations.

Some strains reacted up to the 400 ug

level and could conceivably have gone higher.
some effect on the structure of the graphs.

This would also have
With this experiment, though,

evidence is presented that some substances gave mutagenic responses in
the dosage levels of 10-400 ug.
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In analyzing prospects for future research it has been suggested that
separation and identification of components of complex mixtures be
carried out with High Pressure Liquid Chromatography methods.
It has been suggested by Ames that by changing the pH of the
media that in some cases better results might be obtained where the
plate assay had not been able to detect substances for a variety of
reasons.

SUMMARY

Three s.pices, nutmeg, mace and black pepper, were tested .for
mutagenicity in the Salmonella/microsomal mutagenicity test using
strains. TA1536, TA1537, TA1538, TA98 and TAlOO with and without
metabolic activation. Three oil constituents, safrole, eugenol and
myristicin, which are found in the three spices, we.re. tested with
metabolic activation.
In the plate. assay safrole was shown to be a weak mutagen to
TA1535 and TA1538. Mace and black pepper were shown to be weak mutagens
with.and without metabolic actication to TA1537: myristicin and eugenol
were not mutagenic in this test. Nutmeg showed no mutagenic activity
to any strain. Because of.evidence presented it is hypothesized that
the. mutagenicity of the spices: were not due to safrole alone but that
unidentifi.ed oil constituents may have been mutagenic also·.
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APPENDIX 1
The .Ames Test· Methods·.· (10)
The Bacterial Tester Strains
This assay is conducted with five mutant strains of Salmonella
typhimurium.

These bacterial tester strains contain two types of histi-

dine mutation.

Two strains (TA1535, TAlOO) are used to detect

mutagens causing base-pair substitutions and three (TA1537, TA1538,
TA98) to detect different types of frameshift mutations.

Each of the

five tester strains contains two additional mutations that cause
increased sensitivity to mutagens:

one causes the loss of the excision

repair system and the other the loss of the lipopolysaccharide barrier
that coats the surface of the bacteria.

Besides these mutations,

tester strains TA98 and TAlOO contain an R factor that confers ampicillin resistance to the strains and increases their sensitivity to
carcinogens either previously undetected or detected only,weakly.
Conformation of Tester Strain Validity
Upon receiving the five tester strains a nutrient broth (8 g
Difco-Bacto nutrient broth, 5 g NACl/l) culture is inoculated and
incubated in a 37° shaking water bath for 12 hours.

The culture is

. also streaked on a nutrient agar plate until the liquid culture is
found to be viable.
1)

Various characteristics are checked as follows:

Histidine requirement.

Each strain is

s~eaked

on minimal agar

plates with and without histidine (0.1 ml sterile 0.1 ML-histidine
on the agar surface).

These strains contain the uvrB deletion;

therefore, biotin (0.1 ml of 0.5 mM per plate) is added for growth.
2) rfa mutation.

The presence of this mutation is tested by crystal
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violet sensitivity.

A sterile filter paper disc containing crystal

violet (10 ul of 1 mg/ml) is placed on a nutrient agar plate containing
0.1 ml (approximately 108 bacteria) of the nutrient broth culture to be
tested in a thin overlay of agar (top agar).

After 12 hours of incuba-

tion at 37°, a clear zone of inhibition around the disc (approximately
14 mm diamter) indicates the presence of the rfa mutation.

The muta-

tion permits large molecules such as crystal violet to enter the
bacteria and inhibit growth of the five tester strains.
3)

R factor.

TA98 and TAlOO contain an ampicillin resistant R factor

that is rather unstable and can be lost.

To check for the presence of

the R factor a small quantity (10 ul of 8 mg/ml in 0.02 N NaOH) of an
ampicillin solution is streaked across the surface of a nutrient agar
plate.

When dry, cultures are cross-streaked against the ampicillin,

and after incubation for 12-24 hours at 37°, the bacteria with R
factor should show no zone of inhibition to the ampicillin, thus confirming the presence of the R factor.
4) uvrB deletion.

This mutation is stable and not easily lost.

Its

presence is confirmed by checking the UV sensitivity of strains with
the uvrB deletion.

The cultures are cross-streaked on nutrient agar

broth plates and half of each is irradiated for 6 seconds (TA98 and
TAlOO for 8 seconds) with a G.E. 15W germicidal lamp at the distance of
33 cm.

After incubating at 35° for 12-24 hours the strains appear

only on the surface of the un-irradiated side of the plate.
5)

Spontaneous reversion rate.

rate.

Each mutant has a specific reversion

Spontaneous revertant colonies on control plates without mutagen

and S-9 mix are about (at 48 hours):
(TA1538), 160 (TAlOO), and 40 (TA98).

20 (TA1535), 7 (TA1537), 25
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Storage of Master Copies and Tester Strains
A fresh nutrient broth culture (0.8 ml) with dimethylsulfoxide
(0.07 ml) in 2-ml sterile, glass screwed-capped vials with teflon lined
0

screw caps should be prepared and kept at -80 .
duplicate.

These are prepared in

This solution is made in one large quantity and transferred

with a sterile pipette to the permanent vials.

Master plates, which

can be stored in a conventional refrigerator at 4

are spread with

0.1 ml of 0.1 M histidine and 0.5 mM biotin using a sterile glass
spreader.

For TA98 and TAlOO, 0.1 ml of ampicillin (8 mg/ml) is also

spread to aid in retaining the plasmid.

After two days to allow for

diffusion, overnight nutrient broth cultures are streaked on the surface in 4-6 parallel streaks using a sterile cotton swab.

The plates

are incubated 12 hours at 37° and stored in the refrigerator.
Preparation of Rat Liver Homogenate Fraction (S-9)
Induction of rat livers can be done using Ames adaptation of the
methods of Czygan et al. (61).

Preparation of the homogenate fraction

is by the procedure of Garner et al. (62).
S-9 Mix Preparation
The S-9 mix contained per ml:

S-9 (0.04-0.l ml), MgCl2 (8 umoles),

KCl (33 umoles), glucose-6-phosphate (5 umoles), NADP (4 umoles), and
sodium phosphate pH 7.4 (11 umoles).

Stock solutions of NADP (O.l M)

and glucose-6-phosphate (1 M) are prepared with sterile water in
sterile tubes just before use daily and used immediately.

The stock

salt solution (0.4 M MgC12, 1.65 M KCl) and phosphate buffer (0.2 M,
pH 7.4) are autoclaved and stored in the refrigerator.
prepared daily and stored in ice.

The S-9 mix is
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Solutions.of Mutagens and Carcinogens
All control carcinogens are routinely dissolved in Grade l dimethylsulf oxide. They are stored in the refrigerator in a dissector reserved
for that purpose.
Top Agar and Minimal Glucose Petri Plates
Top agar (O. 6% Difeo agar, 0. 5% NaCl) is autoclaved (slow exhaust)
and stored in 100 ml quantities at room tempatire. At time of use the
agar is melted in the autoclave until liquid and 10 ml of a sterile
solution of 0.5 mM L-Histidine-HCl.,...Q.5 mM Biotin is added to the molten
top agar and mixed thruoghly by gentle swirling.
The petri plates (100/15 mm style, Falcon Plastics, Oxnard, Calif)
contained 20-30 ml minimal glucose agar medium. This medium contains
1.5% Bacto-Difco agar in Vogel-Bonner Medium E with 2% glucose. Each is
autoclaved separately, mixed, and poured in the plates. Each batch
should be used within a few days and is. stored when set in the original
plastic sleeves to discourage airbourne contamination.
Spot Tests
Spot tests are used to give an initial rapid screening of the
suspected compounds. To 2 ml of top agar at 45° is added 0.1 ml bacteria
broth, with and without S-9 mix. The agar was poured onto minimal glucose
plates and tilted and rotated to cover the surface of the plates. Sterile
filter discs with 5 ul of the test compound are placed on the plates and
the plates are incubated for 24 hours at 37°. A positive ersult is
determined only if there is a large increase in colonies well away from
the filter dis.c.
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Plate Assay
The following are added in order to 2 mls of molten top agar at
45°!

0.1 ml of a 12-16 hour nutrient broth culture, the sample to be

tested, and 0.5 ml S-9 mix.
activation.

(The S-9 mix is for checking metabolic

For checking direct action, delete the S-9 mix).

The

bacteria can survive at 45° ,for a few minutes but the S-9 will last
only a few seconds.

The contents are mixed by palm rotation and

poured on minimal glucose agar plates.

A smooth surface and uniform

distribution is achieved by tilting and rotating the uncovered plate,
covering and allowing to harden.

This process usually takes 10-15

seconds and the hardening takes 5-10 minutes.

Incubation is started

within an hour of inoculation for 48 hours at 37°.
plates are removed and counted.
lawn is noted.

At 48 hours, the

The presence or absence of background
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Preparation of Top Agar, Nutrient Agar, Minimal Glucose Agar and
Constituents
For 500 mls

.006

x

500

3.0 gms.

= .005

x

500

2.5 gms.

.6% Difeo Agar
.5% NaCl

Add to 500 mls distilled water - autoclave and store in 100 ml portions.
Before use, heat top agar until liquid - stabilize at 45•. Add a solution
of Biotin and Histidine - mix by gentle swirling. Amount to add - 10 mls/
100 mls Agar.
Biotin-Histidine Solution for Top Agar
.Histidine - HCl . 5 mM
Biotin
. 5 mM
For 100 mls

Histidine g

.s x

lo- 3

x 191.7 x

.1

.00958 gms.

Biotin

.5

x

lo- 3

x

.1

.01236 gms.

g

247.3

x

Dissolve in 100 mls distilled water and store in refrigerator.
Bottom Agar (minimal glucose sugar)
For 600 mls

A.

Vogel-Bonner Medium E (SOX) ·
Water

12 mls
288 mls

B.

Difeo Agar
Water

9.0 mls
290 mls

c.

Carbon Source (glucose) 20%
Water

4 gms
20 mls

Autoclave separately, mix arid pour into plates. 30 mls/plate. The glucose
and VBC carmelize when mixed with the agar prior to autoclaving so autoclaving separately is advised.
Vogel-Bonner Medium E (citrate medium)
For 1 Liter (1000 mls)

Water (45 )
Mg SOLf • 7H2 0
Citric Acid·H 2o
Monohydrate
K2HP04 (Anhydrous)
NaNH4HP04·4H20
38

670 mls
10 gms
100 gms
500 gms
175 gms
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Add salts in the order indicated. Heat to 45°. Allow each salt to
dissolve completely before adding the next mineral. When all the salts
are completely dissolve in the solution, cool to room temperature. Add
about 5 ml chloroform per liter of solution to retard bacterial growth.
Store in parafilm-covered stoppered bottles. Preparation time is
approximately 3-5 hours.
Nutrient Agar
Oxoid Nutrient Broth #2
NaCl
Agar (Difeo Bacto)
Distilled Water

4.8 gm
3.0 gm
9.0 gm
to 600 ml

Autoclave and pour into petri dishes.
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Figure 1. Dose effect response for the mutagenic activity induced by pepper
extract without S-9 microsomal fraction in Salmonella typhimurium TA1537.
Line regression equation Y=-91.73+144.12 log x. Correlation coefficient r=.88.
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Figure 2. Dose effect response for the mutagenic activity induced by pepper
extract with S-9 microsomal fraction in Salmonella typhimurium TA1537. Line
regression equation Y=77.21+.5614x. Correlation coefficient r=.93.
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Figure 4. Dose effect resppnse for the mutagenic activity induced by mace
extract with S-9 microsomal fraction in Salmonella typhimurium TAI,537.
Line regression equation Y=39.76+ .69x. Correlation coefficient r=.92.
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Figure 5. Dose effect response for the mutagenic activity induced by safrole
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equation Y=-55.66+.56x. Correlation coefficient r=.99.
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